White-failed deer welfare and production under various intensifies of continuous-use grazing by combined cattle, sheep, and angora goafs was studied in fhe Edwards Plateau region of Texas. Under poor range conditions continuous grazing by combined classes of livestock adversely effected deer production through competition for food. Livestock were more efficient compefiiors for native forage than deer.
The effect of livestock grazing on deer production is a question that has gained increasing importance in the Edwards Plateau Region of west-central Texas. This ecologic region of some 26,-000 square miles supports high densities of white-tailed deer (Odocoileus virginianus) along with combined classes of cattle, sheep, and goats.
Since the introduction of livestock in the 1800's range vegetation has changed. Under heavy domestic stocking rates, ranges have deteriorated until "the number of livestock which can be grazed on most Texas rangelands today is less than half the number carried in 1900" (Merrill, 1959) . The change in vegetation from grassland to woodland has favored deer. As late as 1875 deer were still regarded as scarce in the northern sector of the Plateau, and their increase was slow until the 1940's (Hahn, 1945) . Today a deer to 3 acres (or 213 per section) is not uncommon.
Competition between deer and livestock in the Edwards Plateau is critical, brought about by the remarkably similar diets of sheep, goats, and deer in combination with a relatively gentle topography that allows deer and livestock to occupy the same range (McMahan, 1961) . 2 The influence of livestock grazing practices on deer was formerly based mainly on general observations. Low fawn crops, (Julander, et al. 1961; French, et al. 1955) fence to confine ten deer (Fig. 1) . Each pasture was rectangular; pastures 1 through 3 were 3,880 feet long and 1,077 feet wide, and the remaining pastures were 5,280 feet long and 792 feet wide.
The objective of pastures 1 through 6 was to determine the influence of various domestic stocking rates on deer production.
Pastures 7, 8, and 10 served as a comparison of deer productivity between two vegetative types and between two intensities of harvest. Pasture 9 was a control with no livestock or deer.
Since continuous yearlong grazing was the common management practice in the Edwards Plateau at the time the experiment was initiated, a yearlong grazing system was used in all livestock pastures, but stocking rates were varied. Heavy, moderate, and light stocking rates were begun in paired pastures. Rambouillet sheep, Angora goats, and Hereford cows were grazed in combination, in as nearly the same proportions between different stocking rates as possible. Heavily stocked pastures, each contained 23 sheep, 22 goats, and 3 cows; moderately stocked pastures, 10 sheep, 10 goats, and 2 cows; and lightly stocked pastures 8 sheep, 7 goats, and 1 cow. Heavy stocking was defined as an animal unit 3 to 8 acres; moderate as an animal unit to 16 acres; and light as an animal unit to 24 acres. The beginning number of ten deer per livestock-stocked 3 One animal unit was considered equivalent to 1 cow, 5 sheep, or 5 goats, deer not considered. Female brood stock was used in all pastures.
McMAHAN AND RAMSEY pasture was to have been constant, but it varied some from the start of the study due to unexpected death losses. In 1961, the program was modified. Pastures 4, 5, and 6 were discontinued as replicates of the continuous grazing system and combined as a three-pasture deferredrotation unit.
The pastures stocked with deer only have furnished information for two comparisons. Pasture number 7 was stocked with 10 deer and the population increase was removed annually during an either sex hunt. In pasture number 8 the herd was allowed to increase "unmanaged" with only occasional buck deer being harvested. Pasture 10 was designed to operate identically to pasture 8 but under different vegetative conditions. Pasture 10 was typified by an ashe juniper aspect and pasture 8 was an open oak woodland.
Herbaceous vegetation response to treatment in all pastures was measured by the line intercept method (Canfield 1941) . Ten 50-foot line transects per pasture were read annually during the summer.
Browse composition was obtained by two lo-foot-wide belts running the length of each pasture. Woody species were recorded by the square feet of canopy. Condition and trend of woody species was a descriptive measure of available browse (that below 5 feet). Since the size and growth form of individual browse plants within a species group was the same, an inference can be made about comparative volumes between treatments within a species group.
To determine the monetary values associated with different stocking rates, detailed records were maintained on all expenditures and sales of livestock products. Individual weights of lambs, goat kids, wool and mohair were obtained in a manner to facilitate a statistical analysis of the data.
Findings
Influence of Grazing on Deer Production-A summary of deer production in the experimental pastures (Table 1) indicate a low carrying capacity for deer in all the livestock-stocked, continuously grazed pastures. Even in the lightly grazed pasture the average number of deer surviving was only one to 24 acres. Deer production -defined as fawns surviving to yearling age -decreased with an increase in the domestic stocking rate. This is especially evident in the heavily grazed pastures where no fawns have ever survived to yearling age. The difference in the average number of deer surviving (about 4 adult deer) between moderate and light grazing is small; but the heavily grazed pasture supported only about half as many adult deer as the moderate or light.
In contrast to poor deer production in the livestock-stocked pastures, the deer-only, managed population showed a good measure of success. No fawn production data in terms of a doe to fawn ratio are available because of the difficulty in differentiating between sexes, but pasture 7 averaged an annual 37 percent herd increment. Production in the stocked pastures on the other hand was well below this. No production was obtained under heavy grazing, and under moderate and light grazing an average of only 38 percent of the fawns survived. The study did not reveal differences in breeding performance of individuals between grazing intensities because deer had to be trapped and introduced into the pastures from the outside to replace death losses each year. These introductions normally came after the rut, when most does were already bred.
Deer production in pasture 10, with dense ashe-juniper and no livestock, was almost nil. By March, 1964, this pasture supported a total of only 3 deer, as compared with a total of 24 deer in pasture 8, containing oak woodland.
The juniper type indirectly deters deer production by suppressing the growth of staple and preferred deer foods (Ramsey, 1963) .4 Also, ashe-juniper itself is a low-value emergency deer food. (McMahan, 1961, op. cit.) Differences in the performance of deer between managed and unmanaged pastures became apparent in 1962 and 1963 when the unmanaged herd showed 19 and 4 percent increment.
The managed herd had 31 and 38 percent increments respectively. During this two-year interval a total of 7 deer were found dead in the unmanaged pasture while only 2 deer died in the managed pasture. Before the last two years of study little difference was noted in deer mortality and production between the two pastures. Since the degree of forage availability became more acute during this period in the unmanaged pasture, food was considered to be the probable limiting factor.
Deer mortality in the live- (Fig. 2) . The moderately grazed pasture is representative of the combined effect of livestock and rainfall, while the control pasture is representative of the effect of rainfall in the absence of livestock use. had either remained static or decreased in the deeronly and control pastures, presumably from lack of use.
Forb composition in the stocked pastures was much the same, with only a few additional species showing in the deer-only pastures.
Only in the control pasture was the weed composition greatly different from those pastures containing animals ( Table 2 ).
Woody plant composition as measured by square feet of canopy remained the same throughout the pastures containing livestock (Table 3) . A few additional palatable species occur in the deer-only, oak woodland type. The only large increase in available preferred browse occurred in the control pasture. Species such as woolybucket bumelia (Bumelia Zanuginosa), and hackberry (Celtis spp.), which are highly palatable to both goats and deer were unable to reproduce or to furnish more than a token amount of forage in the livestock pastures. Staple browse species such as liveoak and shinoak remained about the same within a pasture between years, and between pastures containing livestock. Although browse composition as measured by canopy was very similar between all treatments there was a wide difference in available forage. Table  3 gives a descriptive measure of the relative availability to browsing animals of leafage below five feet. An additional measure, the presence and height of a "browse line," is indicative of the relative availability of browse. Table 4 illustrates the increase in browse in the absence of livestock as measured by browse line height.
These vegetative measurements indicate that continuous grazing provides little or no differences in plant composition regardless of the stocking rate in effect. Differences in stocking rates as reflected in range vegetation are seen mainly as quantitative ones, with few decreaser grass species, preferred forbs, or browse plants becoming established. In effect this system may be described as a vegetal complex composed of plant species that are adapted to the limiting factors of the area-the grazing animals. The main difference between this complex and the deer-only pastures is the greater abundance of staple browse in pastures 7 and 8. Apparently continuous use by deer alone may restrict forage composition to species tolerant of continuous use by those animals.
Livestock Production
-Livestock production and average returns are shown in Table 5 . Lamb and goat kid weights per head increased significantly with a decrease in the stocking rate.
Although wool and mohair production data indicated an increase in per head production with decrease in stocking rates, statistical values show some relationship in need of further explanation. For example significant differences are noted in wool production per head between heavy and moderate, and between heavy and light grazing, but no significant difference is evident between production in DEER AND LIVESTOCK 1, all available light use; 2, all available, moderate use; 3, all available, heavy use; 4, mostly available, light use; 5, mostly available, moderate use; 6, mostly available, heavy use; 7, mostly unavailable; 8, unavailable. 2 Percent composition. the moderate and light pastures. Mohair production on the other hand showed the opposite effect. Significant differences are seen in production per head between the moderate and light, and between the heavy and light pastures, but not between the heavy and moderate pastures. We cannot explain this occurrence.
The moderately grazed pasture averaged the most dollars per acre, while the lightly stocked pasture returned the most money per animal unit. The large expense of supplemental feeding in the heavy-use pasture during dry years was the main reason it produced less per acre than the moderately grazed pasture over the ten-year period. Net return per animal unit increased as the stocking rate decreased.
Discussion
Continuous grazing by com-5 bined classes of livestock adversely effects deer production through competition for food. Yearlong use by animals tends to remove the most palatable and some of the staple forage species, and concentrates competition between domestic animals and deer on fewer, less palatable species. This phenomenon becomes more apparent as the domestic stocking rate increases, as evidenced by a decrease in deer production from light to heavy livestock grazing.
Deer are clearly the losers in this type of direct competition for food. Even under starvation conditions they cannot be forced to utilize dry grass which will maintain domestic stock. A review of other research indicates that food supply, as influenced by grazing system, intensity of grazing, and by classes of animals grazed, governs positive or negative effects on deer. Most range food plants in our region grow and reproduce better when afforded some rest from grazing. Merrill et. al. (1957) in studies at the Agricultural Experiment Station, Sonora, Texas, found higher densities of deer on pastures grazed on a deferred rotation system with combined cattle, sheep, and goats, than on combined class continuous-use pastures.
In addition to the deleterious effects on deer, it is clear that heavy continuous grazing has profound bad effects on livestock production as well. All livestock products per animal decreased with an increase in the stocking Under the continuous use system in our region, deer mortality is most pronounced in fawns. Among adult deer, does exhibit a higher mortality rate than do bucks, with most death losses coming during the critical summer season.
Vegetative measurements show that more efficient use of the range may be obtained by running one or several clasess of livestock with deer in order to harvest the forage that deer do not utilize. Deer alone made inefficient use of the grass cover in their pastures.
No major difference was found in vegetative composition in the 3 continuous use pastures. The key grass plants in this system are Texas wintergrass, threeawn species, and curly mesquite. In the heavy-grazed pasture the volume of forage was less than in the other two lighter-stocked pastures, and the composition showed a procumbent growth form. Because of the lack of vegetative cover and protective litter, severe erosion was everywhere apparent on the heavy treatment, but was largely curbed in the two other stocked pastures. Only a few of the more desirable livestock and deer food plants were able to grow and reproduce under the continuoususe system. These findings reiterate the importance of giving plants periodic rest periods so that they may reproduce.
Livestock production per animal, and the net return per animal unit, increased as the stocking rate decreased. The moderately-grazed pasture averaged the most returns per acre, followed in sequence by the heavy and lightly grazed pastures. 
